The distinguishing feature of PBL is that it begins with a problem and is followed by a student-centred enquiry process. There are no specific readings or lectures before students are presented with the problem. However, students bring previously acquired knowledge from a range of sources to what is usually a group of approximately eight randomly assigned learners and a tutor-facilitator. Students work collaboratively to define the problem, formulate enquiry plans and identify external sources for solving the problem. They also work together to analyse information and apply it. In medical education the problem often has a simulated or virtual patient, and uses a video or sometimes computer images of patient signs, symptoms, pathology and radiology results to mimic professional practice. The PBL process usually occurs over several tutorials within a week, allowing time for information to be gathered from external sources and brought back to the group process.
Educational principles underpinning PBL Barrows defined four broad goals for PBL: 3 (1) Motivational learning (2) Developing effective clinical reasoning (3) Developing self-learning skills (4) Structuring knowledge in clinical contexts.
These goals were subsequently expanded by Schmidt, 4 who defined seven steps to the PBL process (Box 1). Many variations to, and newer versions of, PBL have been developed since Barrows' work in the 1970s and Schmidt's in the 1980s, but most educators would probably agree that the principles above are the foundation on which PBL is built. 
Matching educational methods with learning needs
Many believe that PBL incorporates the principles of adult learning better than other modalities by encouraging the development of skills that prepare students for selfdirected life-long learning rather than the recall of facts that quickly go out-of-date. 2, 5 The PBL process therefore requires some cognitive skills of a high order.
Almost 50 years ago, Benjamin Bloom proposed a taxonomy of educational goals, with two domains, 'affective' and 'cognitive', comprising educational objectives of increasing complexity. 6 In the affective domain, learning moves from receiving (e.g. attendance) through responding, valuing, organisation and finally characterisation. Thus, the affective domain becomes increasingly integrated within the learners' behaviour. In the cognitive domain, goals are achieved in both knowledge and skills. Knowledge attainment begins with facts and terminology, and considers trends, sequences, classifications, methodologies and finally principles and theories. Knowledge is then applied as an intellectual ability or skill via comprehension (i.e. translation, interpretation and extrapolation), application, analysis (of elements, of relationships and of organisational principles), synthesis (through unique communication, production of a plan or proposed set of operations, and derivation of abstract relations) and evaluation (judgements in terms of internal evidence and of external criteria). Clearly, PBL aims to achieve educational goals at both the high end of the affective domain and in knowledge and skills acquisition.
While the use of the word 'problem' implies that something needs 'fixing', within the learning context it can involve students being presented with a set of unfamiliar circumstances. In a PBL task, the students would be required not only to recognise patterns within the problem but also to obtain and apply knowledge in a logical and analytical way to solve the problem. 7 Implementing the PBL method within a curriculum In addition to confusion about the nomenclature of PBL, there is confusion about its implementation within curricula. The PBL label has, according to some, been subverted and used in problem-oriented curricula. 8 Ross maintains that the distinguishing characteristic of PBL is that knowledge arises from working on the problem rather than being a prerequisite for working on the problem. 8 This is often an iterative process and usually self-directed, where learning occurs without the constraints of subject boundaries.
At what point then should students be exposed to PBL? Are they able to utilise this framework early in their learning or do they need to work towards it in some way? PBL has been used within undergraduate, graduate and continuing education environments but it is unclear whether it is equally effective at all three stages of learning. Barrows himself suggested that medical students might need to work towards PBL through a taxonomy of learning methods (Box 2). Only the final two truly provide a framework for achieving Barrows' four goals of PBL. Some PBL curricula use only these final two learning formats, while others allow students to work towards these by using case-based methods in the earlier part of their course. The most effective approach remains unclear.
Evidence for the effectiveness of PBL
The effectiveness of PBL as a learning method has been the source of much debate in the literature. 5, 9 Three systematic reviews [10] [11] [12] were conducted in the early 1990s comparing PBL with traditional medical curricula, and these found some evidence (from students' opinions and attitudes to programs) that PBL graduates had a more positive learning experience, performed at least as well in clinical examinations and were more likely to enter family medicine than other graduates. There was also some evidence that basic science scores were lower in PBL graduates than in their traditionally taught counterparts. These systematic reviews were updated by Colliver in 2000, 9 Role of PBL in public health workforce training
• Lecture-based cases: cases used to demonstrate the relevance of information provided by lecture • Case-based lectures: cases are used to highlight material to be covered in the subsequent lecture • Case method: cases are studied in preparation for class discussion • Modified case-based method: cases provide opportunities for deciding between a limited number of options • Problem-based learning: cases are used in a problem simulation format encouraging free inquiry • Closed loop, or reiterative, problem-based learning: a reflective phase complements the problem-based format 13 They showed that students from the PBL curricula had higher mean scores in the Step 1 examination (basic sciences) than those in the traditional curriculum. The PBL students also had scores higher than the national mean in the Step 2 examination (clinical sciences), unlike students in the traditional curriculum whose mean score was lower than the national mean. Both groups had similar selection characteristics and processes and Blake infers that the PBL learning process substantially contributed to this improved educational outcome.
Dean et al. 14 compared the performance of NSW hospital interns who completed graduate entry PBL courses with that of interns who completed undergraduate PBL and traditional undergraduate courses in 2003. The analysis showed that graduate entry PBL interns felt more prepared in five of the eight assessed domains (interpersonal skills, confidence, collaboration, holistic care and self-directed learning) and felt no less prepared in any domain than the interns from the other courses. 14 A systematic review of controlled evaluation studies in problem-based continuing medical education found limited evidence that it increased participants' knowledge and performance and improved patients' health. There was moderate evidence that doctors were more satisfied with PBL compared with traditional teaching approaches. 15 Similar results have also been found in the evaluation of PBL methods within nursing, dentistry, pharmacy, anatomy, pharmacology and allied health curricula. [16] [17] [18] [19] [20] In summary, there is evidence from medical and other health undergraduate curricula, as well as continuing medical education, that PBL graduates achieve equivalent, if not better, scores in knowledge-based assessments (mainly multiple choice question and short answer) and clinical examinations than their traditional counterparts. In addition to this, PBL curricula generally receive a higher satisfaction rating from students.
Limitations of the evidence
Revisiting Barrows' goals, PBL should produce graduates who are motivated, self-directed learners, who are able to develop effective reasoning strategies and structure knowledge effectively within the context to which it is applied. However, multiple choice questions, short answer questions, clinical examinations and satisfaction measures fall short of assessing whether these goals are achieved. The higher up Bloom's taxonomy one goes, the more difficult it is to assess the educational outcomes. It is likely that workplace assessments, performance and evaluations across a range of outcomes are more appropriate. These could assess attitudes and skills as well as knowledge, thereby considering whether values such as interdisciplinary teamwork and skills in self-directed problem solving have been attained. There is a need for more research in this area.
A related issue to outcome measurement is the lack of available data on the cost-effectiveness of PBL curricula. This remains a substantive issue, as PBL is potentially resource-intensive, requiring skilled tutor-facilitators, high quality learning resources for self-directed problem solving and greater timetable allocation for small group work and associated facilities.
PBL in public health education
Public health practice involves considerable problem solving. It usually involves working within groups and with numerous stakeholders. And according to Bloom's taxonomy, it requires analytical and organisational skills of the highest order. The public health workforce comprises mainly tertiary-trained adult learners who are required to be self-directed and highly motivated in their work. They need to be able to obtain and synthesise information from external sources and to apply this to the problems, projects or circumstances before them.
Yet, the use of PBL in public health is largely uncharted territory. Several examples of case-based but not problembased learning in public health undergraduate and postgraduate courses exist, but they have not been formally evaluated, particularly in workforce training contexts. [21] [22] [23] Some reports also exist on the integration of public health learning objectives within problem-based medical undergraduate curricula, but not on the use of this educational method to solve problems at a population level. 24, 25 The one exception to this is an innovative series of PBLs developed in Hong Kong, covering such topics as air pollution, tobacco control and mammography screening. 26 What would one hope to achieve through problem-based public health workforce training? Would it result in higher levels of motivation, greater application of knowledge in the workplace, better teamwork and a more self-directed workforce? The NSW Public Health Officer Training Program may be one place to begin testing these ideas because it provides a structured and stable learning environment for a small number of trainees. There would be considerable educational challenges in developing a PBL approach to population rather than individual patient problem solving. Public health problems often have more than one solution; they are often extremely complex and may need to be broken down into several problems within a 'meta-problem'. As discussed earlier, there are also ongoing challenges in the assessment of competence in PBL learning outcomes that would need to be defined specifically for the public health context. Regardless of the clinical derivation of PBL, its educational principles nevertheless resonate with public health problem solving in practice.
Implementing PBL in public health education
The geographical dispersion of the public health workforce and competing workplace demands add a layer of complexity that does not exist for campus or hospitalbased medical undergraduate curricula. Most PBL curricula are conducted through small groups that remain stable for several problems, allowing for the development of team-working skills. When considering how PBL might be implemented in public health workforce training, it is important to consider public health team composition.
The delivery of PBL methods by distance learning is an emerging area. 27, 28 Teleconferencing and videoconferencing have been used with undergraduate nurses and in continuing medical education. While these modalities improve access to remote learners, there are numerous factors that can reduce the quality of learning. Limited reports on teleconferencing show a high time-demand on tutor-facilitators and difficulties in group facilitation due to a lack of visual cues. 29 Although videoconferencing provides the visual dimension, it is costly and still requires a particular etiquette and considerable skill to ensure participation across several sites. 30 Others have tried webbased asynchronous discussions within small online groups. While this method lacks the spontaneity of 'live' discussion, it has the benefit that people can participate at a time that suits their own working environment and other commitments. Responses can also be more reflective. 31, 32 Despite these challenges, the potential exists for substantial educational gains in a field that is, as yet, largely unexplored. In theory, the fundamental educational principles of PBL should be relevant to the learning needs of the NSW public health workforce. Translating the PBL framework to population level problem solving, defining the outcomes of the PBL process, measuring them and determining the most appropriate method of delivery will be crucial to the success of such a project. Pilot testing of this learning method within the NSW Public Health Officer Training Program and subsequent testing with more experienced NSW public health practitioners undertaking continuing education might begin to provide some answers to these questions.
